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Description
FIELD
[0001] This disclosure relates generally to gas turbine

engines, and more particularly to systems and methods
for monitoring the health of fuel actuation systems.

BACKGROUND

[0002] Engine components and fittings may be sub-
jected to relatively high temperatures. Once subjected to
excessive heating, fuel may undergo coking. Coking may
cause solid deposits to form within fuel flow paths, caus-
ing undesirable effects such as blocked passageways
and filters. Furthermore, excessive heating, cyclic load-
ing, and other harsh conditions of engine components
may lead to degradation of component health. Accord-
ingly, response time of fuel actuation components may
retard beyond desirable limits.

[0003] A prior art method and electronic engine control
having the features of the preamble to claims 1 and 7 is
disclosed in US 2012/130587.

SUMMARY

[0004] From one aspect, the present invention pro-
vides a method for monitoring fuel actuation system
health in accordance with claim 1.

[0005] In various embodiments, the method may fur-
ther comprise: moving the metering valve from the sec-
ond position to a third position; detecting a second travel
distance of the metering valve; storing the second travel
distance of the metering valve to the memory to generate
a second travel distance history; determining a level of
degradation of the fuel actuation system based on at least
one of the first travel distance history and the second
travel distance history; and outputting a signal to indicate
the level of degradation. The method may further com-
prise:

detecting an engine shutdown. The detecting the en-
gine shutdown may include at least one of determin-
ing if an aircraft is on the ground, determining if an
engine is at ground idle, and

determining if an over speed test is successful. The
moving the metering valve may include at least one
of increasing or decreasing current to a servo valve
(SV) for a pre-determined duration.

The level of degradation may include at least one of a
change in the first travel distance, a change in the pres-
sure of the fuel, or a change in the temperature of the fuel.
[0006] Fromanotheraspect, the presentinvention pro-
vides an electronic engine control (EEC) in accordance
with claim 7.

[0007] In various embodiments, the instructions may
cause the controller to perform operations further com-

10

15

20

25

30

35

40

45

50

55

prising: moving the metering valve from the second po-
sition to a third position; detecting a second travel dis-
tance of the metering valve; storing the second travel
distance of the metering valve to the memory to generate
a second travel distance history; and determining a level
of degradation of the fuel actuation system based on at
least one ofthefirst travel distance history and the second
travel distance history. The instructions may cause the
controller to perform operations further comprising: de-
tecting an engine shutdown. The detecting the engine
shutdown may include at least one of determining if an
aircraft is on the ground, determining if an engine is at
ground idle, and determining if an overspeed test is suc-
cessful. The moving the metering valve may include at
least one of increasing or decreasing current to a servo
valve (SV). The level of degradation may include at least
one of a change in the first travel distance, a change in
the pressure of the fuel, or a change in the temperature
of the fuel.

[0008] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof willbecome
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Figure 1 illustrates an example gas turbine engine,
in accordance with various embodiments;

Figure 2 illustrates a fuel actuation system, in ac-
cordance with various embodiments;

Figure 3A provides a method for monitoring the
health of the fuel actuation system, in accordance
with various embodiments;

Figure 3B provides a method for monitoring the
health of the fuel actuation system, in accordance
with various embodiments;

Figure 4 provides a method for monitoring the health
of the fuel actuation system, in accordance with var-
ious embodiments;

Figure 5 illustrates a plot of a metering valve travel
time vs time, in accordance with various embodi-
ments; and

Figure 6A illustrates a metering valve in a first posi-
tion, in accordance with various embodiments; and
Figure 6B illustrates a metering valve in a second
position, in accordance with various embodiments.

DETAILED DESCRIPTION
[0010] The detailed description of exemplary embodi-

ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
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of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that logical
changes and adaptations in design and construction may
be made in accordance with this disclosure and the
teachings herein. Thus, the detailed description herein
is presented for purposes of illustration only and not of
limitation. The scope of the disclosure is defined by the
appended claims. For example, the steps recited in any
of the method or process descriptions may be executed
in any order and are not necessarily limited to the order
presented. Furthermore, any reference to singular in-
cludes plural embodiments, and any reference to more
than one component or step may include a singular em-
bodiment or step. Also, any reference to attached, fixed,
connected or the like may include permanent, removable,
temporary, partial, full and/or any other possible attach-
ment option. Additionally, any reference to without con-
tact (or similar phrases) may also include reduced con-
tact or minimal contact. Surface shading lines may be
used throughout the figures to denote different parts but
not necessarily to denote the same or different materials.
In some cases, reference coordinates may be specific to
each figure.

[0011] System program instructions and/or controller
instructions may be loaded onto a non-transitory, tangible
computer-readable medium having instructions stored
thereon that, in response to execution by a controller,
cause the controller to perform various operations. The
term "non-transitory" is to be understood to remove only
propagating transitory signals per se from the claim
scope and does not relinquish rights to all standard com-
puter-readable media that are not only propagating tran-
sitory signals per se.

[0012] In various embodiments and with reference to
FIG. 1, a gas turbine engine 120 is provided. Gas turbine
engine 120 may be a two-spool turbofan that generally
incorporates a fan section 122, a compressor section
124, a combustor section 126 and a turbine section 128.
Alternative engines may include, for example, an aug-
mentor section among other systems or features. In op-
eration, fan section 122 can drive air along a bypass flow-
path B while compressor section 124 can drive air along
a core flow-path C for compression and communication
into combustor section 126 then expansion through tur-
bine section 128. Although depicted as a turbofan gas
turbine engine 120 herein, it should be understood that
the concepts described herein are not limited to use with
turbofans as the teachings may be applied to other types
of turbine engines including three-spool architectures.
[0013] Gasturbineengine 120 may generally comprise
alow speed spool 130 and a high speed spool 132 mount-
ed for rotation about an engine central longitudinal axis
A-A’ relative to an engine static structure 136 via one or
more bearing systems 138 (shown as bearing system
138-1 and bearing system 138-2 in FIG. 1). It should be
understood that various bearing systems 138 at various
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locations may alternatively or additionally be provided
including, for example, bearing system 138, bearing sys-
tem 138-1, and bearing system 138-2.

[0014] Low speed spool 130 may generally comprise
an inner shaft 140 that interconnects a fan 142, a low
pressure (orfirst) compressor section 144 and alow pres-
sure (or first) turbine section 146. Inner shaft 140 may
be connected to fan 142 through a geared architecture
148 that can drive fan 142 at a lower speed than low
speed spool 130. Geared architecture 148 may comprise
agearassembly 160 enclosed within a gear housing 162.
Gear assembly 160 couples inner shaft 140 to a rotating
fan structure. High speed spool 132 may comprise an
outer shaft 150 that interconnects a high pressure com-
pressor ("HPC") 152 (e.g., a second compressor section)
and high pressure (or second) turbine section 154. A
combustor 156 may be located between HPC 152 and
high pressure turbine 154. A mid-turbine frame 157 of
engine static structure 136 may be located generally be-
tween high pressure turbine 154 and low pressure turbine
146. Mid-turbine frame 157 may support one or more
bearing systems 138 in turbine section 128. Inner shaft
140 and outer shaft 150 may be concentric and rotate
via bearing systems 138 about the engine central longi-
tudinal axis A-A’, which is collinear with their longitudinal
axes. As used herein, a "high pressure" compressor or
turbine experiences a higher pressure than a corre-
sponding "low pressure" compressor or turbine.

[0015] The core airflow C may be compressed by low
pressure compressor 144 then HPC 152, mixed and
burned with fuel in combustor 156, then expanded over
high pressure turbine 154 and low pressure turbine 146.
Mid-turbine frame 157 includes airfoils 159 which are in
the core airflow path. Low pressure turbine 146 and high
pressure turbine 154 rotationally drive the respective low
speed spool 130 and high speed spool 132 in response
to the expansion.

[0016] In various embodiments and with further refer-
ence to FIG. 2, a fuel actuation system 200 is illustrated
in accordance with various embodiments. Gas turbine
engine 120 may be operatively connected to fuel actua-
tion system 200. Fuel actuation system 200 may include
electronic engine control (EEC) 240, servo valve (SV)
230, metering valve (MV) 220, and/or feedback member
250.

[0017] In various embodiments, EEC 240, including
processing circuitry 242 and memory 244, may control
fuel delivery to combustor 156. EEC 240 may be opera-
tively connected to SV 230 having a torque motor 232
that is selectively activated to control fuel delivery to MV
220. In various embodiments, SV 230 may comprise a
single stage servo valve. However, SV 230 may comprise
any suitable servo valve. SV 230 may be fluidly connect-
ed to MV 220. SV 230 may also include one or more
screens 234 that prevent contaminate from entering the
fuel used to control MV 220. It should be understood that
screens 234 may also be located in an adjacent fuel con-
trol component. EEC 240 may control torque motor 232
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to cause SV 230 to deliver fuel to MV 220 to establish a
set point which defines a desired fuel burn flow rate to
combustor 156. EEC 240 is shown to include a feedback
member 250. Feedback member 250 may provide posi-
tion feedback from MV 220 to EEC 240. Feedback mem-
ber 250 may provide temperature feedback from MV 220
to EEC 240. Feedback member 250 may provide pres-
sure feedback from MV 220 to EEC 240. Thus, feedback
member 250 may include a temperature sensor, a pres-
sure sensor, and/or a position sensor.

[0018] In various embodiments, processing circuitry
142 may include any combination of processing circuits
known in the art, such as one or more microprocessors,
microcontrollers, digital signal processors, and/or pro-
grammable logic devices. The memory 244 may store
executable instructions and data to implement control
logic of EEC 240. Memory 244 may comprise a tangible,
non-transitory storage medium and may store data used,
for example, in trending and prognosis purposes. EEC
240 may also include an SV interface 248 that converts
data from SV 230 into a format usable by processing
circuitry 142 such as a frequency-to-digital converter, for
example. EEC 240 may further include a feedback mem-
ber interface 246 that receives signals from feedback
member 250 which provides an indication of MV 220
opening as set by torque motor 232 and also provides a
pathway for EEC 240 to control torque motor 232 to set
a new valve opening for MV 220. For example, EEC 240
may source a controlled amount of current to torque mo-
tor 232 as a metering valve control signal.

[0019] In various embodiments, MV 220 is generally
actuated or moved via hydraulic or fueldraulic pressure.
A hydraulic system, such as a fuel system, may be in
fluidic communication with SV 230. Torque motor 232 of
SV 230 may receive current from a power source, such
as EEC 240 for example, to move a moveable member
of SV 230 and in response to the moving, a controlled
hydraulic pressure is supplied to MV 220.

[0020] Withreference to FIG. 6A, a metering valve 600
is illustrated, in accordance with various embodiments.
In various embodiments, metering valve 220 (see FIG.
2) may be similar to metering valve 600. Metering valve
600 may comprise a moveable member 602. Moveable
member 602 is illustrated in FIG. 6A in a first position.
Although illustrated in FIG. 6A as being in a particular
position, the first position of moveable member 602 may
any suitable position including a closed or open position.
[0021] Withreference to FIG. 6B, a metering valve 600
is illustrated, in accordance with various embodiments.
Moveable member 602 is illustrated in FIG. 6B in a sec-
ond position. Although illustrated in FIG. 6B as being in
a particular position, the second position of moveable
member 602 may any suitable position including a closed
or open position.

[0022] In various embodiments, with reference to FIG.
2, the health of fuel actuation system 200 may be mon-
itored via EEC 240. System parameters such as time of
travel of MV 220, fuel temperature, and fuel pressure
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may be sensed by feedback member 250 and stored into
memory 244. A history of these system parameters may
be trended and analyzed by EEC 240 to determine a
diagnosis as well as a prognosis of the health of fuel
actuation system 200. With further reference to FIG. 3A,
a method 300 for monitoring the health of fuel actuation
system 200 is provided, in accordance with various em-
bodiments. Method 300 may include moving MV 220
from a first position to a second position (see step 301).
MV 220 may be moved via any suitable method. In var-
ious embodiments, MV 220 may be moved by increasing
or decreasing current supplied to SV 230. In various em-
bodiments, a travel time may be detected when MV 220
is moved from the first position to the second position
(see step 302). The travel time may be the total duration
of time that it takes for MV 220 to move from the first
position to the second position. The travel time may be
stored to memory 244 (see step 303). Accordingly, over
time, multiple travel times may be stored to memory, thus
generating a historical trend of travel times or a travel
time history. A controller, such as EEC 240, may deter-
mine the health of fuel actuation system 200 based on
the travel time history (see step 304). The health of fuel
actuation system 200 may be based on a level of degra-
dation of the fuel actuation system 200. The health of
fuel actuation system 200 may be based on a level of
degradation of the travel time of MV 220.

[0023] With furtherreference to FIG. 3B, a method 310
for monitoring the health of fuel actuation system 200 is
provided, in accordance with various embodiments.
Method 310 includes moving MV 220 from a first position
to a second position for a pre-determined duration (see
step 311). MV 220 may be moved via any suitable meth-
od. In various embodiments, MV 220 may be moved by
increasing or decreasing current supplied to SV 230. A
travel distance is detected when MV 220 is moved from
the first position to the second position (see step 312).
The travel distance may be the distance between the first
position and the second position. The travel distance is
stored to memory 244 (see step 313). Accordingly, over
time, multiple travel distances may be stored to memory,
thus generating a historical trend of travel distances or a
travel distance history. A controller, such as EEC 240,
determines the health of fuel actuation system 200 based
on at least the travel distance history (see step 314). The
health of fuel actuation system 200 is based on a level
of degradation of the fuel actuation system 200. The
health of fuel actuation system 200 may be based on a
level of degradation of the travel distance of MV 220.
[0024] With reference to FIG. 5, a plot 500 of travel
time 502 is plotted verses time. Travel time 502 may de-
crease over time and degradation 504 of travel time 502
may occur. Degradation 504 may be the difference be-
tween initial travel time 506 and travel time 502. Thus,
degradation 504 may be a change in travel time 502. In
various embodiments, degradation 504 may vary over
time. In various embodiments, degradation 504 may in-
crease over time. Although some degradation 504 of trav-
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el time 502 might be expected, excessive decrease in
travel time 502 may indicate poor health of fuel actuation
system 200 (see FIG. 2). Accordingly, plot 500 illustrates
a travel time history. Although illustrated with respect to
travel time, plot 500 may also similarly illustrate a deg-
radation of travel distance over time. Stated another way,
travel time may be replaced with travel distance in FIG.
5 to similarly illustrated travel distance in inches or cen-
timeters. In this manner a travel distance history may be
created.

[0025] With reference to FIG. 4, another method 400
for monitoring the health of fuel actuation system 200 is
provided. Method 400 may include detecting an engine
shutdown (see step 401). Detecting an engine shutdown
may include at least one of determining if an aircraft is
on the ground, determining if an engine is at ground idle,
and determining if an overspeed test is successful. With
further reference to FIG. 2, method 400 includes moving
MV 220 from a first position to a second position (see
step 402). Step 402 is similar to step 301 (see FIG. 3A)
and/or step 311 (see FIG. 3B). At least one of a travel
time, a travel distance, a fuel temperature, or a fuel pres-
sure is detected when MV 220 is moved from the first
position to the second position (see step 403). The travel
time may be the total duration of time that it takes for MV
220 to move from the first position to the second position.
The travel distance may be the distance between the first
position to the second position. The fuel temperature may
be the temperature of a fuel located in fuel actuation sys-
tem 200. Fuel temperature may be detected via a tem-
perature sensor of feedback member 250. The fuel pres-
sure may be a pressure of a fuel located in fuel actuation
system 200. Fuel pressure may be detected via a pres-
sure sensor of feedback member 250. However, fuel
pressure may be determined via any suitable method.
The travel time, travel distance, fuel temperature, and/or
fuel pressure are stored to memory 244 (see step 404).
Similar to the travel time 502 (see FIG. 5), the travel dis-
tance, the fuel temperatures, and the fuel pressures are
stored to memory, thus generating, over time, travel dis-
tance trends, fuel temperature trends, and fuel pressure
trends, or travel distance history, fuel temperature histo-
ry, and fuel pressure history. In various embodiments,
the MV 220 may be moved from the second position to
a third position (see step 405). In various embodiments,
the second position may be an open position. In various
embodiments, the third position may be a closed position.
However, the second position and the third position may
comprise any suitable position. At least one of a second
travel time, a second travel distance, a second fuel tem-
perature, or a second fuel pressure may be detected
when MV 220 is moved from the second position to the
third position (see step 406). A controller, such as EEC
240, determines a level of degradation of the fuel actu-
ation system 200 based on the travel time history and/or
the travel distance history. A controller, such as EEC 240,
may determine alevel of degradation of the fuel actuation
system 200 based on the travel distance history in aman-
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ner similar to the travel time history. A controller, such
as EEC 240, determines a level of degradation of the fuel
actuation system 200 based on the fuel temperature his-
tory in a manner similar to the travel time history. A con-
troller, such as EEC 240, determines a level of degrada-
tion of the fuel actuation system 200 based on the fuel
pressure history in a manner similar to the travel time
history. Accordingly, A controller, such as EEC 240, may
determine the health of fuel actuation system 200 (see
step 407). In various embodiments, EEC 240 may indi-
cate the determined system health (see step 408). For
example, EEC 240 may output a signal to a display to
indicate the health of fuel actuation system 200. Such
indication may be performed via any suitable indicator
such as, for example, a light, a message on a display,
text, symbols, etc. For example, EEC 240 may output a
signal to a display or other controller to indicate the deg-
radation or health of fuel actuation system 200.

[0026] In various embodiments, with reference to FIG.
5, the health of a system may be determined by compar-
ing the degradation 504 of one system, with the degra-
dation of one or more other systems. For example, one
system may comprise a degradation which is compared
with the average degradation of a group of systems.
[0027] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cificembodiments. The scope of the disclosure is accord-
ingly to be limited by nothing other than the appended
claims.

Claims

1. A method for monitoring fuel actuation system (200)
health comprising:

causing a metering valve (220; 600) to move
from a first position to a second position;
detecting a first travel distance of the metering
valve (220; 600);

storing the first travel distance of the metering
valve (220; 600) to a memory (244) to generate
a first travel distance history; and

determining a level of degradation of a fuel ac-
tuation system (200) based on at least the first
travel distance history; characterised by:

detecting at least one of a temperature of a
fuel or a pressure of the fuel; and

storing the at least one of the temperature
of the fuel or the pressure of the fuel to the
memory (244)to create atleast one of a fuel
temperature history or a fuel pressure his-
tory, wherein the determining the level of
degradation of the fuel actuation system is
further based on the at least one of the fuel
temperature history or the fuel pressure his-
tory.
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2. The method of claim 1, further comprising:

causing the metering valve (220; 600) to move
from the second position to a third position;
detecting a second travel distance of the meter-
ing valve (220; 600);

storing the second travel distance of the meter-
ing valve (220; 600) to the memory (244)to gen-
erate a second travel distance history;
determining the level of degradation of the fuel
actuation system (200) based on at least one of
the first travel distance history and the second
travel distance history; and

outputting a signal to indicate the level of deg-
radation.

The method of claim 1 or 2, wherein the level of deg-
radation includes at least one of a change in the first
travel distance, a change in the pressure of the fuel,
or a change in the temperature of the fuel.

The method of any preceding claim, further compris-
ing detecting an engine shutdown.

The method of claim 4, wherein the detecting the
engine shutdown includes at least one of determin-
ing if an aircraft is on the ground, determining if an
engine is at ground idle, and determining if an over
speed test is successful.

The method of any preceding claim, wherein the
causing the metering valve (220; 600) to move in-
cludes at least one of increasing or decreasing cur-
rent to a servo valve (SV) (230) for a pre-determined
duration.

An electronic engine control (EEC) (240) for a gas
turbine engine comprising:

a controller; and

a tangible, non-transitory memory configured to
communicate with the controller, the tangible,
non-transitory memory having instructions
stored thereon that, in response to execution by
the controller, cause the controller to perform
operations comprising:

commanding a metering valve (220; 600) to
move from a first position to a second posi-
tion;

detecting a first travel distance of the me-
tering valve (220; 600);

storing the first travel distance of the meter-
ing valve (220; 600) to a memory (244) to
generate a first travel distance history; and
determining a level of degradation of a fuel
actuation system (200) based on at least
the first travel distance history; character-
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8.

10.

1.

12.

ised by:

detecting at least one of a temperature
of a fuel or a pressure of the fuel; and
storing the at least one of the temper-
ature of the fuel or the pressure of the
fuel to the memory to create at least
one of a fuel temperature history or a
fuel pressure history, wherein the de-
termining the level of degradation of the
fuel actuation system (200) is further
based on the at least one of the fuel
temperature history or the fuel pressure
history.

The EEC of claim 7, wherein the instructions cause
the controller to perform operations further compris-

ing:

commanding the metering valve (220; 600) to
move from the second position to a third posi-
tion;

detecting a second travel distance of the meter-
ing valve (220; 600);

storing the second travel distance of the meter-
ing valve (220; 600) to the memory (244) to gen-
erate a second travel distance history; and
determining a level of degradation of the fuel
actuation system (200) based on at least one of
the first travel distance history and the second
travel distance history.

The EEC of claim 8, wherein the level of degradation
includes at least one of a change in the first travel
distance, a change in the pressure of the fuel, or a
change in the temperature of the fuel.

The EEC of any of claims 7 to 9, wherein the instruc-
tions cause the controller to perform operations fur-
ther comprising detecting an engine shutdown.

The EEC of claim 10, wherein the detecting the en-
gine shutdown includes at least one of determining
ifan aircraftis onthe ground, determiningifan engine
is at ground idle, and determining if an overspeed
test is successful.

The EEC of any of claims 7 to 11, wherein the com-
manding the metering valve (220; 600) to move in-
cludes at least one of increasing or decreasing cur-
rent to a servo valve (SV) (230).

Patentanspriiche

1.

Verfahren zum Uberwachen des Zustands eines
Brennstoffantriebssystems (200), umfassend:
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Veranlassen desZumessventils (220; 600), sich
aus einer ersten Stellung in eine zweite Stellung
zu bewegen;

Erfassen einer ersten Bewegungsstrecke des
Zumessventils (220; 600);

Speichern der ersten Bewegungsstrecke des
Zumessventils (220; 600) in einem Speicher
(244), um einen ersten Bewegungsstreckenver-
lauf zu erzeugen; und

Bestimmen eines Verschlechterungsgrads ei-
nes Brennstoffantriebssystems (200) auf
Grundlage von wenigstens dem ersten Bewe-
gungsstreckenverlauf;

gekennzeichnet durch:

Erfassen von einer Temperatur eines
Brennstoffs und/oder einem Druck des
Brennstoffs; und

Speichern der Temperatur des Brennstoffs
und/oder des Drucks des Brennstoffs im
Speicher (244), um einen Brennstofftempe-
raturverlauf und/oder einen Brennstoff-
druckverlauf zu erzeugen, wobei das Be-
stimmen des Verschlechterungsgrads des
Brennstoffantriebssystems ferner auf dem
Brennstofftemperaturverlauf und/oder dem
Brennstoffdruckverlauf beruht.

2. Verfahren nach Anspruch 1, ferner umfassend:

Veranlassen desZumessventils (220; 600), sich
aus der zweiten Stellung in eine dritte Stellung
zu bewegen;

Erfassen einer zweiten Bewegungsstrecke des
Zumessventils (220; 600);

Speichern der zweiten Bewegungsstrecke des
Zumessventils (220; 600) in dem Speicher
(244), um einen zweiten Bewegungsstrecken-
verlauf zu erzeugen;

Bestimmen des Verschlechterungsgrads des
Brennstoffantriebssystems (200) auf Grundlage
des ersten Bewegungsstreckenverlaufs
und/oder des zweiten Bewegungsstreckenver-
laufs; und

Ausgeben eines Signals zum Angeben des Ver-
schlechterungsgrads.

Verfahren nach Anspruch 1 oder 2, wobei der Ver-
schlechterungsgrad eine Anderung der ersten Be-
wegungsstrecke, eine Anderung des Drucks des
Brennstoffs und/oder eine Anderung der Temperatur
des Brennstoffs beinhaltet.

Verfahren nach einem der vorangehenden Ansprii-
che, ferner umfassend Erfassen einer Motorab-

schaltung.

Verfahren nach Anspruch 4, wobei das Erfassen der
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Motorabschaltung Bestimmen, ob ein Luftfahrzeug
sich am Boden befindet, Bestimmen, ob ein Motor
sich im Bodenleerlauf befindet, und/oder Bestim-
men, ob eine Ubergeschwindigkeitspriifung erfolg-
reich ist, beinhaltet.

Verfahren nach einem der vorangehenden Anspri-
che, wobei das Veranlassen desZumessventils
(220; 600), sich zu bewegen, Erhéhen und/oder Sen-
ken eines Stroms an ein Servoventil (SV) (230) fur
eine vorgegebene Dauer beinhaltet.

Elektronische Motorsteuereinheit (EEC) (240) fiir ein
Gasturbinentriebwerk, umfassend:

eine Steuereinrichtung; und

einen greifbaren, nichttransitorischen Speicher,
der dazu konfiguriert ist, mit der Steuereinrich-
tung zu kommunizieren, wobei der greifbare,
nichttransitorische Speicher darauf gespeicher-
te Anweisungen aufweist, die als Reaktion auf
eine Ausflhrung durch die Steuereinrichtung
die Steuereinrichtung veranlassen, Vorgange
durchzufiihren, umfassend:

Anweisen, dass sich ein Zumessventil (220;
600) aus einer ersten Stellung in eine zweite
Stellung bewegt;

Erfassen einer ersten Bewegungsstrecke
des Zumessventils (220; 600);

Speichern der ersten Bewegungsstrecke
des Zumessventils (220; 600) in einem
Speicher (244), um einen ersten Bewe-
gungsstreckenverlauf zu erzeugen; und
Bestimmen eines Verschlechterungsgrads
eines Brennstoffantriebssystems (200) auf
Grundlage von wenigstens dem ersten Be-
wegungsstreckenverlauf;

gekennzeichnet durch:

Erfassen von einer Temperatur eines
Brennstoffs und/oder einem Druck des
Brennstoffs; und

Speichern der Temperatur des Brennstoffs
und/oder des Drucks des Brennstoffs im
Speicher, um einen Brennstofftemperatur-
verlauf und/oder einen Brennstoffdruckver-
lauf zu erzeugen, wobei das Bestimmen
des Verschlechterungsgrads des Brenn-
stoffantriebssystems (200) ferner auf dem
Brennstofftemperaturverlauf und/oder dem
Brennstoffdruckverlauf beruht.

8. EEC nach Anspruch 7, wobei die Anweisungen die

Steuereinrichtung veranlassen, Vorgange durchzu-
fihren, ferner umfassend:
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Anweisen, dass sich das Zumessventil (220;
600) aus der zweiten Stellung in eine dritte Stel-
lung bewegt;

Erfassen einer zweiten Bewegungsstrecke des
Zumessventils (220; 600);

Speichern der zweiten Bewegungsstrecke des
Zumessventils (220; 600) in dem Speicher
(244), um einen zweiten Bewegungsstrecken-
verlauf zu erzeugen; und

Bestimmen des Verschlechterungsgrads des
Brennstoffantriebssystems (200) auf Grundlage
des ersten Bewegungsstreckenverlaufs
und/oder des zweiten Bewegungsstreckenver-
laufs.

EEC nach Anspruch 8, wobei der Verschlechte-
rungsgrad eine Anderung der ersten Bewegungs-
strecke, eine Anderung des Drucks des Brennstoffs
und/oder eine Anderung der Temperatur des Brenn-
stoffs beinhaltet.

EEC nach einem der Anspriiche 7 bis 9, wobei die
Anweisungen die Steuereinrichtung veranlassen,
Vorgange durchzufiihren, ferner umfassend Erfas-
sen einer Motorabschaltung.

EEC nach Anspruch 10, wobeidas Erfassen der Mo-
torabschaltung Bestimmen, ob ein Luftfahrzeug sich
am Boden befindet, Bestimmen, ob ein Motor sich
im Bodenleerlauf befindet, und/oder Bestimmen, ob
eine Ubergeschwindigkeitspriifung erfolgreich ist,
beinhaltet.

EEC nach einem der Anspriiche 7 bis 11, wobei das
Anweisen, dass sich das Zumessventil (220; 600)
bewegt, Erh6hen und/oder Senken eines Stroms an
ein Servoventil (SV) (230) beinhaltet.

Revendications

1.

Procédé de contréle de la condition d’un systeme
d’actionnement de carburant (200) comprenant :

le fait d’amener une soupape de dosage (220 ;
600) a se déplacer d'une premiére position a
une deuxieme position ;

la détection d’'une premiere distance de dépla-
cement de la soupape de dosage (220 ; 600) ;
le stockage de la premiere distance de dépla-
cement de la soupape de dosage (220 ; 600)
dans une mémoire (244) pour générer un pre-
mier historique de distance de déplacement ; et
la détermination d'un niveau de dégradation
d'un systeme d’actionnement de carburant
(200) sur la base au moins du premier historique
de distance de déplacement ; caractérisé par :
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la détection d’au moins I'une d’'une tempé-
rature d’un carburant ou d’une pression du
carburant ; et

le stockage de I'au moins une de la tempé-
rature du carburantou de lapressiondu car-
burant dans la mémoire (244) pour créer au
moins 'un d’un historique de température
de carburant ou d’un historique de pression
de carburant, dans lequel la détermination
du niveau de dégradation du systeme d’ac-
tionnement de carburant est en outre basée
sur I’'au moins un de I'historique de tempé-
rature de carburant ou de I'historique de
pression de carburant.

2. Procédé selon la revendication 1, comprenant en

outre :

le fait d’amener la soupape de dosage (220 ;
600) a se déplacer de la deuxieme position a
une troisiéme position ;

la détection d’'une seconde distance de dépla-
cement de la soupape de dosage (220 ; 600) ;
le stockage de la seconde distance de déplace-
ment de la soupape de dosage (220 ; 600) dans
la mémoire (244) pour générer un second his-
torique de distance de déplacement ;

la détermination du niveau de dégradation du
systeme d’actionnement de carburant (200) sur
la base au moins de I'un du premier historique
de distance de déplacement et du second his-
torique de distance de déplacement ; et
I’émission d’un signal pour indiquer le niveau de
dégradation.

Procédé selon la revendication 1 ou 2, dans lequel
le niveau de dégradation comporte au moins I'un par-
mi un changement de la premiere distance de dé-
placement, un changement de la pression du carbu-
rant ou un changement de la température du carbu-
rant.

Procédé selon une quelconque revendication pré-
cédente, comprenant en outre la détection d’un arrét
du moteur.

Procédé selon la revendication 4, dans lequel la dé-
tection de l'arrét du moteur comporte au moins un
élément parmi le fait de déterminer si un aéronef est
au sol, le fait de déterminer si un moteur est au ralenti
sol et le fait de déterminer si un test de vitesse ex-
cessive est réussi.

Procédé selon une quelconque revendication pré-
cédente, dans lequel, le fait d’'amener la soupape de
dosage (220 ;600) a se déplacer comporte au moins
I'un parmi un courant croissant ou décroissant vers
une servovalve (SV) (230) pendant une durée pré-



7.

8.

15 EP 3 236 048 B1 16

déterminée.

Commande de moteur électronique (EEC) (240)
pour un moteur a turbine a gaz comprenant :

un dispositif de commande ; et

une mémoire non transitoire tangible configurée
pour communiquer avec le dispositif de com-
mande, des instructions étant stockées sur la
mémoire non transitoire tangible, lesquelles, en
réponse a leur exécution par le dispositif de
commande, aménent le dispositif de commande
a effectuer des opérations comprenant :

la commande du déplacement d’'une sou-
pape de dosage (220 ; 600) d’'une premiére
position a une deuxieéme position ;

la détection d’'une premiére distance de dé-
placement de la soupape de dosage (220 ;
600) ;

le stockage de la premiére distance de dé-
placement de la soupape de dosage (220 ;
600) dans une mémoire (244) pour générer
un premier historique de distance de
déplacement ; et

la détermination d’'un niveau de dégradation
d’un systeme d’actionnement de carburant
(200) sur la base au moins du premier his-
torique de distance de déplacement ; ca-
ractérisée par :

la détection d’au moins 'une d’'une tem-
pérature d’'un carburant ou d’'une pres-
sion du carburant ; et

le stockage de I'au moins une de la tem-
pérature du carburant ou de la pression
du carburant dans la mémoire pour
créer au moins I'un d'un historique de
température de carburant ou d’un his-
torique de pression de carburant, dans
lequel la détermination du niveau de
dégradation du systéeme d’actionne-
ment de carburant (200) est en outre
basée sur I'au moins un de I'historique
de température de carburant ou de
I'historique de pression de carburant.

EEC selon la revendication 7, dans laquelle les ins-
tructions amenent le dispositif de commande a ef-
fectuer les opérations comprenant en outre :

la commande du déplacement de la soupape de
dosage (220 ; 600) de la deuxieme position a
une troisiéme position ;

la détection d’'une seconde distance de dépla-
cement de la soupape de dosage (220 ; 600) ;
le stockage de la seconde distance de déplace-
ment de la soupape de dosage (220 ; 600) dans
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10.

1.

12.

une mémoire (244) pour générer un second his-
torique de distance de déplacement ; et

la détermination d’un niveau de dégradation du
systeme d’actionnement de carburant (200) sur
la base au moins de I'un du premier historique
de distance de déplacement et du second his-
torique de distance de déplacement.

EEC selonlarevendication 8, danslaquelle le niveau
de dégradation comporte au moins l'un parmi un
changement de la premiére distance de déplace-
ment, un changement de la pression du carburant
ou un changement de la température du carburant.

EEC selon 'une quelconque des revendications 7 a
9, dans laquelle les instructions aménent le dispositif
de commande a effectuer des opérations compre-
nant en outre la détection d’un arrét du moteur.

EEC selon la revendication 10, dans laquelle la dé-
tection de l'arrét du moteur comporte au moins un
élément parmi le fait de déterminer si un aéronef est
au sol, le fait de déterminer si un moteur est au ralenti
sol et le fait de déterminer si un test de vitesse ex-
cessive est réussi.

EEC selon 'une quelconque des revendications 7 a
11, dans laquelle, la commande du déplacement de
la soupape de dosage (220; 600) comporte au
moins |’'un parmiun courant croissant ou décroissant
vers une servovalve (SV) (230).
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